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INTRODUCTION 
Establishing and maintaining a vigorous disease-free turf 
represents a multimillion dollar industry in the United States. 
$2,892,800,000.00 are spent every year in growing and main-
taining an estimated 13,450,100 acres of turf. These figures 
illustrate the current emphasis placed on turf production. 
Turfgrasses are grown for landscape and recreational 
purposes generally under conditions which are more severe and 
restrictive than for grasses growing under natural conditions. 
For example, defoliation and heavy fertilization result in 
plants which essentially never mature and remain more succulent 
and predisposed to disease. Soil compaction is another severe 
problem on areas of recreational turf. It may increase disease 
by creating conditions of high soil moisture and poor soil 
aeration. Other factors, such as high density plantings of a 
single turfgrass species and intensive use of herbicides, 
insecticides and fungicides, result in reduced vigor which may 
also predispose turf to disease. 
A management program utilizing existing knowledge of 
cultural practices can reduce the incidence and severity of 
diseases. It is important that practices such as fertilization 
receive continued investigation so that the time and cost 
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necessary to maintain a vigorous, disease free turf can be 
reduced. Previous investigations have indicated that the type 
and level of nitrogenous fertilizers can greatly reduce the 
incidence of disease on Poa, Cynodon, and Agrostis species 
grown for turf purposes. Activated sewage sludge had been 
reported to decrease disease infection more than any other 
nitrogen fertilizer. However, the cause of disease reduction 
has not been established. The purpose of this study was to 
compare disease reduction by various nitrogenous fertilizers 
and to determine what factors affect the mechanism of this 
disease reduction. 
This investigation was divided into two parts, a field 
study and a ' laboratory study. The objectives of the field 
study Part I were to evaluate the influences of nitrogenous 
fertilizers on Washington Creeping Bentgrass (Agrostis palustris 
Huds.) with regard to color , vigor, mineral composition and 
disease proneness. The field study also supplied soil and 
plant tissue used in Part II of this investigation. 
The objectives of the laboratory study were to investigate 
effects of activated sewage sludge on Rhizoctonia solani Kuhn 
and Sclerotinia homoeocarpa F. T. Bennett in pure culture. The 
influence of nitrogenous fertilizer on soil fungistasis and 
plant tissue fungistasis was also investigated. 
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REVIEW OF LITERATURE 
Turfgrasses are attacked by more than 75 different 
parasitic fungi. Characteristic symptoms are expressed and 
specific environments are required by each pathogenic organism. 
Modes of infection are direct hyphal penetration, wound pene-
tration or stomatal penetration. Rhizoctonia solani KUhn 
enters through wounds or the stomates. Sclerotinia homoeocarpa 
F. T. Bennett enters via hyphal penetration (14). 
Temperature, moisture and light are three interrelated 
environmental factors which are decisive in determining the 
presence and abundance of disease. A temperature range of 
70° - 90°F and a relative humidity of 100% are needed by most 
turf pathogens. Light influences sporulation and dissemination 
of turf pathogens and also alters temperature (9). 
The soil, its texture, organic matter content, pH, and 
nutrient status may alter the host-parasite reaction. Soil 
texture and organic matter content govern air/ moisture and 
energy supplies of the turf pathogens. Each turf pathogen 
requires some specific combination of these factors to exist 
either in the soil as a saprophyte or as a pathogen. Soil pH 
is generally maintained between 6 and 7. Within this range 
soil nutrients are readily available and less difficulty is 
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encountered with turf pathogens. The nutrient status of the 
soil controls mineral nutrition of both host and pathogen. 
These nutritional factors are intimately associated with intra-
cellular processes that have not been clearly defined (9) (33). 
Couch and Bloom (15) have indicated that A. palustris and 
Poa pratensis are more severely damaged by ~- homoeocarpa at 
low and medium nitrogen levels. Soil pH did not influence 
disease development but moisture stress increased susceptability 
to disease. In other studies (5) they found that R. solani, 
the cause of brownpatch, was more severe in turf receiving high 
levels of nitrogen. No differences were noted with regard to 
soil moisture stress and pH. High levels of nitrogen were 
reported to increase winter injury to coastal Bermudagrass (8) 
and to increase the susceptability of Highland and Seaside 
bentgrass to attack by Fusarium nivale Fries (14). Cheesman 
(11) reported that Helminthosporium leaf spot increased with 
increasing levels of nitrogen. The incidence of Pythium blight 
on bentgrass was observed to be less at reduced nitrogen levels 
(32). Roberts (36) noted that lack of nitrogen fertilizer 
increased the incidence of ~- homoeocarpa on Washington bent-
grass. Vanterpol (43) (44) after studying browning root rot of 
cereals stated that phosphorus was the factor that controlled 
susceptability or resistance. Added phosphorus reduced the 
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incidence of disease. According to Garrett (21) nitrogen 
deficient wheat had a low level of root infection by Ophiobilus 
whereas potassium deficient plants were more severely infected. 
Castano and Kernkamp {10) after studying the influence of 
plant nutrients on soybean infection by R. solani reported 
that deficiencies of calcium, magnesium, iron, sulfur, nitrogen 
and phosphorus increased susceptability to the pathogen. 
Potassium levels had no influence. They also found that rate 
of disease development increases with increasing nutrient 
levels for beans and tomatoes. 
Varying levels of nitrogen, potassium, phosphorus and 
other mineral elements may increase the severity of one 
disease but reduce that of another. The balance of nitrogen 
to phosphorus to potassium is considered to be as important as 
total quantities of each element. Although nitrogen levels 
appear to give the most pronounced responses to disease 
susceptability and have therefore received the most attention 
other elements may function in a similar manner. 
The type of nitrogen fertilizer may function in disease 
reduction. Cook {13) reported that activated sewage sludge 
showed significant reductions in the incidence of 
~- homoeocarpa. Wells (49) and Davis and Engel (18) have 
reported reduction in disease by using activated sewage sludge 
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alone and in combination with fungicides. 
According to Burton and DeVane (8) nitrogen applied as 
NaN03 and NH4 No3 increased total yield, protein content and 
% fiber of Bermudagrass and decreased ash and nitrogen free 
extract. Sprague (42) found that increasing NH4 -N levels 
decreased growth of A. tenuis and~- pratensis. 
Inhibitory effects of nitrogen sources on turf diseases 
may be explained in several ways. First, the relative 
availability of nitrogen to plants and not the total level 
supplied may be important. Bredakis and Steckel (7) reported 
that total leachable nitrogen varied as follows: 
Urea > Castor pomace >Milorganite > Uramite = Nitroform. 
Soluble nitrogen fertilizers, such as NaN03 and NH4No3 respond 
like (NH4) 2so4. One would expect synthetic and natural 
organics to fall near Uramite and Milorganite respectively. 
Since turf fertilizers are applied to the surface of the soil 
and not incorporated into the soil, volatilization losses of 
NH3 and N2 o could greatly influence total and available 
nitrogen in the soil. Kresge and Satchell (28), Wagner and 
Smith (46) and Volk (45) found that losses of applied nitrogen 
can run as high as 85% depending on soil type, pH and on the 
nitrogen fertilizer used. These results indicate that level of 
available nitrogen may be reduced to plants because of slow 
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release and/or volatile losses. 
Second, certain nitrogen sources supply abundant amounts 
of phosphorus, potassium and trace elements (appendix Table 1). 
Agrinite, Milorganite and Chilean nitrate are most notable 
among those studied. Rehling and Truog (35), Noer (34) and 
Hatfield (24) found that all minor nutrient elements present in 
Milorganite were readily available. Agrinite, consisting of 
treated leather scraps and animal by-products, contains 7.0% 
nitrogen of which 6.3% is very slowly available. Trace 
elements associated with Agrinite are also slowly available. 
Chilean nitrate of soda contains a number o f trace elements in 
the form of soluble salts which are readily available to plants 
(40). Added phosphorus, potassium and trace elements may 
maintain a more balanced nutrient level in the soil and in the 
plant, leading to more vigorous vegetative growth and more 
resistance to disease. 
Third, there may be a soil-fertilizer interaction. This 
interaction may result in a microbial population directly 
antagonistic to the pathogens or it may result in the production 
or solubilization o:f substances which are fungitoxic or can 
improve resistance of host plants to disease. Das and Western 
(16) reported that growth of R. solani was decreased in sterile 
soils receiving heavy applications of nitrogen and potassium. 
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Davey and Popavigas (17) reported that growth of R. solani was 
reduced by NH4 No3 and Uramite M at 100 ppm. They also found 
that severity of infection was reduced by 20% if soils were 
amended with organic materials, such as soybean and oat straw 
and corn stover. This reduction of R. solani growth in soil 
may be attributed to antibiotic production by soil microflora 
(39) (50) . Dobbs and Hinson (19) demonstrated that soils 
commonly inhibit germination of fungal spores placed in contac t 
with them and attributed this to antibiotics. Allen and 
Haenseler (1) and Weindling (48) found that a filtrate from 
cultures containing actively growing Trichoderma ~- was 
lethal to R. solani and other soil fungi. If one assumes that 
production of antibiotics is responsible for disease reduc-
tion, it must be noted that since no free antibiotic exists 
as such in the soil, isolation of causal agents are difficult. 
They are rendered inactive by pH changes, biological 
degradation, adsorption on soil colloids and chemical activity 
(26) • In addition only in rare instances have antibiotics 
been produced in non-sterile soils (22). Where they are 
produced excessive organic matter and fertilizer amendments 
have been present. 
Boosalis (6) observed that additions of green manure to 
unsterilized soil increased the parasitism of R. solani by 
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Penicillium vermiculatum Dang and Trichoderma ~- Direct 
hyphal penetration was observed along with toxin production. 
The fungitoxic effect observed with activated sewage 
sludge may arise from the effect of heavy metals in available 
form found in the material (12). 
iron and chromium are well known. 
The effects of copper, zinc, 
Rehling and Truog {35) found that activated sewage sludge 
produced detectable quantities of indole acetic acid when 
incubated. This plant hormone may increase resistance of 
host plants to disease. 
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PART I. FIELD STUDY 
11 
MATERIALS AND METHODS 
Establishment 
An experimental putting green of Agrostis palustris Huds. 
(Washington Creeping Bentgrass) was established at the Iowa 
State University Horticultural Farm by stolonization in the 
fall of 1959. The stolonbed was Nicollet clay loam. A soil 
sample analysis1 indicated the following nutrient content 
(average of 3 replications): 
Lbs. available 
Nutrient per acre Class pH value 
1. Nitrogen 89.0 high 5.75 
2. Phosphorus 100.0 very high 
3. Potassium 400.0 very high 
Two lbs. of nitrogen (NH4 No3 ), 0.82 lbs. of potassium and 
0.44 lbs. of phosphorus per 1,000 sq. ft. were applied to aid 
1n rapid stolon establishment. 
The 1960 growing season was devoted to establishing a 
uniform turf. The entire area received 5 lbs. N./1,000 sq. ft. 
supplied by NH4 No3. Topdressing was applied to stimulate 
rooting of stolons. Areas slow in developing turf were plugged 
and patched from vigorously growing grass. The height of cut 
was lowered from ~~~ to ~". 
lsoil analysis was conducted by the Iowa State University 
of Science & Technology Soil Testing Laboratory, Ames, Iowa. 
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The putting green was maintained under simulated playing 
conditions. It was mowed every other day at ~" and the 
clippings removed. Water was applied as needed and weeds were 
removed by hand . 
Treatments 
The Washington Creeping Bentgrass green occupied 
approximately 5,000 sq. ft. and was divided into 8 blocks 
with each block containing 15 5 x 8 ft. plots. Each plot 
received a fertilizer treatment. Treatments consisted of 
seven nitrogen sources applied at 10 and 5 lbs. of nitrogen 
per 1,000 sq. ft. per growing season (Table 1). Treatments 
were applied in one lb. increments at two week intervals for 
the 10 lb. rate and four week intervals for the 5 lb. rate 
beginning the 3rd week in May and continuing until the 3rd 
week of September. Treatments have been applied each year 
from 1961 through 1964. All treatments were weighed out 
individually, mixed with approximately 2 lbs. of top dressing 
which consisted of ~ soil and ~ sand , and applied by hand. 
Immediately after treatment the green was watered to prevent 
fertilizer burn. Earlier work has shown that unless treatments 
were applied rapidly and watered immediately severe burning 
could occur (Figure 1) . Non-soluble organics did not burn 
(Figure 2). 
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Table l. Fertilizers and their major mineral element content 
Fertilizer N 
Activated sewage sludgea 6.0 2.8 0.8 
Urea-formaldehyde resinb 37.0 
16.0 1.3 
20.5 
33.5 
Urea 45.0 
Processed tankaged 7.0 0.2 0.2 
aMilorganite. 
bNitroform. 
cchilean nitrate. 
dAgrinite. 
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Figure 1. Severe burn from soluble fertilizer improperly 
applied 
Figure 2. No burn from non-soluble organics applied the 
same as the soluble fertilizer 
15 
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Statistical Design 
The Washington bentgrass plots were layed out in a 
randomize d c omplete blo ck design. Fresh and dry weight 
yields and incidence of disease per plot were subjected to 
an analysis of variance. Differences are discussed only Lf 
level of significance was 5% or lower. The "F" test described 
by Snedecor (41) was used to determine existence of signifi-
cant treatment effects and Duncan's multiple range test (2 0 ) 
was used to compare treatment means. The mathematical model 
used in the analysis was as follows: 
where 8; equals the 
T I) equals the 
e··~t equals the 
'J ~ equals the 
t T. J e·· '-'~" 
block effect 
treatment effect 
error 
mean. 
The degrees of freedom were distributed as follows: 
Source d. f. 
Total 119 
Blocks 7 
Treatments 14 
Error 98 
Evaluation Technique 
Color response of turf was recorded using a 1 to 4 
scoring system which does not lend itself to statistical 
analysis due to lack of variance obtainable with only 4 
numbers. The utility of this scoring system lies in the fact 
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that fertilizer response can be rapidly evaluated with respect 
to other fertilizers throughout the growing season. The 
practical considerations of the l to 4 rating system are as 
follows; l represents a dark green color response which would 
please the user (marked response), 2 represents a medium green 
color response which would neither please nor displease the 
user (noticeable response), 3 represents a light green color 
response which would displease the user (slight response) and 
4 represents no color change which would be entirely unsatis-
factory (no response). 
Growth response of the grass was recorded using fresh and 
dry weights of foliage. A Ransomes hand greens mower was 
used to harvest a strip 5'4" x 16" from the center of each 
plot (Figure 3). 
After dry weights were recorded samples were composited 
by combining tissue samples from blocks 2 and 3, 4 and 5, and 
6 and 7 to form three replicates for each fertilizer treatment, 
ground in a Wiley mill using a 40 mesh screen and sent to the 
Ohio State Agricultural Experiment Station, Wooster, Ohio, for 
spectrographic analysis. K, P, Ca, Mg, Mn, Fe, B, Cu, Zn, Al, 
Sr, Mo, Co, Na, Si and Ba contents were determined on each 
sample. It was anticipated that fertilizers containing 
appreciable quantities of trace elements might produce grass 
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containing a higher concentration of these trace elements. 
Disease proneness of Washington Creeping Bentgrass was 
evaluated by counting the number of n a turally occurring 
infection sites per plot caused by Sclerotinia homoeocarpa 
and by calculating the percentage of diseased turf per plot 
caused by Typhula ~· No data was obtained concerning 
resistance to other turfgrass pathogens since natural infec-
tion did not occur. 
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Figure 3. Method of harvesting foliage samples 
20 
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RESULTS 
Color Responses to Fertilization 
Four years of data indicate that color response of the 
grass to various fertilizers was reasonably uniform from year 
to year (Table 2). Ten lbs. N./1,000 sq. ft./yr. regardless of 
source was superior to five lbs. N./1,000 sq. ft./yr. and very 
much superior to the check. The five lbs. N./1,000 sq. ft./yr. 
treatments were also superior to the check. Color response 
from the ten lb. N. level was considered good in all instances 
(Figures 4 through 10). The five lb. N. level gave similar 
but less pronounced response. 
Fertilizers may be placed in two groups based on color 
response. NH4 No3 , NaN03 , Urea, Milorganite and (NH4)2so4 
produced best color response. Nitroform and Agrinite gave 
less color response. Grass in check plots showed nitrogen 
deficiency symptoms and consequently had very poor color 
ratings (Figure 11). 
Readily soluble fertilizers, such as NaNo3 , NH4 No3 , 
(NH4 ) 2so4 and Urea gave a more pronounced response early in 
the season but during late summer months plots receiving 
organic fertilizers appeared to maintain a superior color 
rating (Appendix Table 2). 
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Table 2. Color response of Agrostis palustris to applied 
fertilizers 
Fertilizer Level l96la l962a l963b l964b Average 
Milorganite H l.Sc 1.4 1.3 2.1 l. 57 
Milorganite L 2.3 1.7 2.0 2.6 2.15 
Nitroform H 2.4 2.1 2.2 2.0 2.17 
Nitroform L 2.9 2.5 3.0 2.6 2.75 
NaN03 H 1.2 2.1 1.6 l.O 1.47 
NaN03 L 2.1 2.1 2.6 2.6 2.35 
NH4N03 H 1.2 1.7 1.5 l.l l. 37 
NH4 No3 L 2.1 2.0 2.2 2.8 2.27 
(NH4)2S04 H 1.3 2.0 1.5 1.6 1.60 
{NH4) 2so4 L 2.4 2.0 2.6 3.0 2.50 
Urea H 1.2 2.0 1.6 l.l 1.47 
Urea L 2.1 2.2 2.6 2 . 8 2.42 
Agrinite H 1.8 2.1 2.2 2.1 2.05 
Agrinite L 2.6 2.2 3.0 3.0 2.70 
Check 4.0 3.4 3.7 3.9 3.75 
a Numbers represent average of 6 observations. 
bNumbers represent average of 2 observations. 
cl represents a marked response. 
2 represents a noticeable response. 
3 represents a slight response. 
4 represents no response. 
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Figure 4. 
Figure 5. 
Figure 6. 
Color response of A. palustris to Milorganite 
applied at 10 lbs. N. / 1,000 ft?/yr. 
Color response of A. palustris to Nitroform 
applied at 10 lbs. N. / 1,000 ft?lyr. 
Color response of A. palustris to NaNo3 applied 
at 10 lbs. N. / 1,000 ft? / yr. 
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Figure 7. Color response of A. palustris to NH4 No3 applied 
at 10 lbs. N. / 1,000 ft? / yr. 
Figure 8. Color response of A. palustris to (NH4)2S04 
applied at 10 lbs. N. / 1,000 ft~/yr. 
Figure 9. Color response of A. palustris to Urea applied 
at 10 lbs. N. / 1,000 ft? / yr. 
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Figure 10. Color response of A. palustris to Agrinite 
applied at 10 lbs. N. / 1,000 ft? / yr. 
Figure ll. Color response of A. palustris to check -
0 lbs. N. / 1 , 000 ft? / yr. 
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Growth Response to Fertilization 
Fresh weight yields were recorded for harvests taken on 
May 16 and June 23 , 1964 (Table 3). Ten lbs. N./1,000 sq. 
ft./y~ stimulated growth more than 5 lbs. N./1 , 000 sq. ft./ 
yr. which stimulated growth more than the check. It is also 
interesting to note that fertilizers requiring microbial 
activity to release nitrogen increased fresh weight yields 
more as soil temperature increased. 
Dry weight yields were recorded for harvests taken 
May 6, May 16 and June 23, 1964. The first harvest was 
evaluated only on a dry weight basis (Table 4). It represents 
total dry matter accumulation during the winter and early 
spring. The readily available fertilizers and those requiring 
little microbial transformation to release their nitrogen gave 
the highest dry weights at both the high and low rates of 
application. The second and third harvest dry weights followed 
the same trends as the corresponding fresh weight yields. 
Percent oven dry weight data show that plants receiving 
adequate nitrogen utilized carbohydrates for growth, and plants 
receiving an inadequate supply of nitrogen accumulated 
carbohydrate reserves (Table 5). 
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Table 3. Fresh weight yields of Agrostis palustris foliage 
Treatment 
Check 
Agrinite 
Milorganite 
Nitroform 
Urea 
Agrinite 
Milorganite 
Nitroform 
Urea 
NaN03 
(L) 
(L) 
(L) 
(L) 
(L) 
(L) 
(H) 
(H) 
(H) 
(H) 
(H) 
(H) 
(H) 
2nd Harvestl 
yield in gm. 
21.45 g2 
28.64 efg 
31.92 de£ 
31.31 de£ 
32.11 de£ 
25.50 fg 
34.81 cde 
30.26 ef 
35.58 cde 
39.66 bed 
36.22 cde 
46.35 ab 
48.20 ab 
41.64 be 
50.84 a 
3rd Harvestl 
yield in gm. 
18.4 
40.9 de 
41.7 de 
37.7 e 
56.4 be 
66.1 b 
48.7 cde 
55.4 be 
66.9 b 
86.1 a 
51.9 cd 
82.4 a 
81.9 a 
66.8 b 
56.4 be 
lHarvests represent 5 days accumulation of plant tissue. 
2Figures followed by the same letter are not significantly 
different at the 5% confidence level by Duncan's multiple range 
test (20). 
3 (L) and (H) refer to 5 and 10 lbs. of N./1,000 sq. ft./ 
yr. respectively. 
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Table 4. Oven dry yields of Agrostis palustris foliage 
Treatment 
Check 
Agrinite 
Milorganite 
Nitroform 
Urea 
Agrinite 
Milorganite 
Nitroform 
Urea 
(L) 
(L) 
(L) 
(L) 
(L) 
(L) 
(H) 
(H) 
(H) 
(H) 
(H) 
(H) 
(H) 
lst Harvestl 
yield in gm. 
21.5 ef 
26.3 def 
24.1 ef 
26.0 ef 
19.2 fg 
27.7 de 
24.2 ef 
34.7 cd 
39.9 be 
28.9 de 
46.3 b 
43.9 b 
43.4 b 
58.2 a 
2nd Harvest2 
yield in gm. 
5.7 f 
7.1 def 
7.8 cde 
7.6 cde 
8.1 cde 
6.5 ef 
8.7 bcde 
7.6 cdef 
8.5 cd 
9.2 abed 
8.3 cde 
10.7 ab 
10.8 a 
9.4 abc 
11.2 a 
3rd Harvest2 
yield in gm. 
4.8 h 
9. 7 fg 
9. 7 fg 
8.8 g 
12.5 def 
15.0 abed 
11.0 fg 
11.8 ef 
14.6 bed 
17.6 a 
11.2 efg 
16.8 ab 
15.8 abc 
13.8 cde 
11.8 ef 
lHarvest represents plant tissue accumulation from 
preceding fall until May 6, 1964. 
2Harvests represent a 5 day accumulation of plant tissue. 
3Figures followed by same letter are not significantly 
different at 5% confidence level by Duncan's multiple range 
test (20). 
4(L) and (H) refer to 5 and 10 lbs. of N./1,000 sq. ft./ 
yr. respectively. 
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Table 5. Percent oven dry weight of Agrost i s palustris foliage 
Treatment 2nd Harvestl 3rd Harvestl 
Check 26.57 c2 26.08 c 
Agrinite (L) 3 24. 7 9 b 23. 7 2 b 
Milorganite (L) 24.44 b 23.26 b 
Nitroform (L) 24.27 b 23.34 b 
Urea (L) 25.22 b 22.16 b 
(NH4)2S04 (L) 25.49 b 22.69 b 
NH4 No3 (L) 24.99 b 22.58 b 
NaN03 (L) 25.11 b 21.30 ab 
Agrin ite (H) 2 3. 89 a 21.82 b 
Milorganite (H) 23.20 a 20.44 a 
Nitroform (H) 22.92 a 21.58 b 
Urea (H) 2 3. 08 a 20.39 a 
(NH4 ) 2S04 (H) 22.41 a 19.29 a 
NH4No3 (H) 22.57 a 20.65 a 
NaN03 (H) 22.03 a 20.92 a 
lHarvest represents a 5 day accumu lation of plant tissue. 
2Figures followed by the same letter are no t signifi c antly 
different at the 5% confidence level by Duncan •s mu ltiple range 
test (20). 
3 (L) and (H) refer to 5 and 10 lbs. of N. / 1,000 sq. ft. / 
yr. respectively. 
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Mineral Content of Foliage 
High levels of applied nitrogen, regardless of type 1 
stimulated potassium uptake (Table 6). NaN03 contributed 
significant amounts of sodium to the plant. Milorganite was 
found to increase significantly the amount of copper and 
zinc in the plant (Table 7). Uptake of all other elements 
appeared to be independent of nitrogen level and type of 
fertilizer used. 
Disease Response to Fertilization 
No disease readings were taken in 1961 because severe 
foliar burning had occurred from improper application of 
soluble fertilizers. The 1962 season was devoted to re-
establishment of the grass. The 1963 season was actually the 
first year that disease data was obtained. 
Significant differences were found to exist between 
different fertilizers for Sclerotinia dollarspot disease 
reduction (Table 8). The first observation of disease gave no 
significant differences due to the lack of uniform infection 
within the experimental area. The second and third observations 
were such that significant differences could be detected. 
Check plots had significantly more Sclerotinia dollarspot 
injury than fertilized plots at either the 5 or 10 lb. N. 
level for the 2nd observation. Agrinite 1 Milorganite and 
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Table 6. Percent mineral content of the foliage 
Treatment K p Ca Mg Na Si 
Check 2.511 0.98 0.61 0.18 0.34 0.37 
Agrinite (L) 2 2.69 0.96 0.61 0.19 0.30 0.41 
Milorganite (L) 2.86 1.06 0.65 0.22 0.31 0.55 
Nitroform (L) 2.96 1.00 0.58 0.19 0.29 0.47 
Urea (L} 2.75 0.86 0.58 0.18 0.30 0.47 
(NH4 ) 2so4 (L} 2.76 0.87 0.56 0.18 0.30 0.35 
NH4N03 (L) 2.71 0.88 0.69 0.20 0.33 0.44 
NaN03 (L) 2.85 0.86 0.52 0.18 0.62* 0.40 
Agrinite (H) 2.85 0.94 0.57 0.19 0.28 0.39 
Milorganite (H) 3.12* 3 l. 06 0.61 0.20 0.30 0.54 
Nitroform (H) 3.06* 0.90 0.62 0.19 0.30 0.53 
Urea (H) 3.06* 0.86 0.66 0.20 0.32 0.50 
(NH4)2S04 (H) 3.07* 0.90 0.60 0.20 0.34 0.41 
NH4 No 3 (H) 3.15* 0.88 0.58 0.17 0.35 0.49 
NaN0 3 (H) 3.20* 0.90 0.58 0.20 0.85* 0.59 
1Numbers represent the average percent mineral content of 
the foliage harvested on May 6 , May 16 and June 23, 1964. 
2 (L) and (H) refer to 5 and 10 lbs. of N. / 1,000 sq. ft. / 
yr. respectively. 
3Numbers followed by an asterisk are significantly different 
from other figures in the column but not from each other. 
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Table 7. Mineral content of foliage in ppm 
Treatment Mn Fe B Cu Zn Al Ba Co Mo 
Check l 58.8 424.2 6.6 10.6 26.8 311.7 22.2 0.46 0.96 
Agr i nite (L)
2 
42.8 344.2 6.7 11.9 30.0 256.3 24.8 0.50 0.82 
Milorganite(L) 
3 
36.3 471.0 7.4 17.2* 39.8* 292.6 21.5 0.66 1.96 
Nitroform (L) 46.0 310.6 6.4 12.6 31.3 228.0 23.4 0.58 1.10 
Urea (L) 37.7 418.7 6.6 10.4 30.3 305.6 24.8 0.56 0.98 
(NH4)2so4 (L) 39.1 305.6 6.4 9.1 39.7 251.7 23.0 0.60 0.86 
NH4N03 (L) 36.4 360.5 6.4 9.2 31.7 275.8 24.4 0.49 0.97 
(L) 35.8 348.0 7.2 10.0 31.7 248.6 23.2 0.56 0.91 
Agr i nite (H) 36.1 305.0 6.3 12.0 31.6 257.3 25.5 0.60 0.83 
Milorganite(H) 37.1 379.5 7.3 18.2* 42.3* 273.8 18.4 0.54 1.53 
Nitroform (H) 39.9 349.1 7.0 11.2 30.9 257.1 24.2 0.62 1.07 
Urea (H) 41.9 421.5 6.4 9.6 31.7 302.2 28.5 0.49 0.92 
(NH4 )2so4 (H) 52.6 331.2 6.7 9.0 35.0 299.0 25.1 0.61 0.93 
(H) 47.7 323.6 6.6 10.0 33.7 266.1 26.3 0.56 0.92 
(H) 38.3 373.7 7.7 10.3 35.7 284.5 26.6 0.58 1.23 
lNumbers represent the average mineral content of the 
foliage in ppm harvested on May 6, May 16 and June 23 , 1964. 
2(L) and (H) refer to 5 and 10 lbs. of N./1,000 sq. ft./ 
yr. respectively. 
3Numbers followed by an asterisk are significantly different 
from other figures in the column but not from each other. 
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Table 8. Number of Sclerotinia homoeocarpa infection sites per 
square foot on Agrostis palustris 
Treatment lst Observationl 2nd Observation 3rd Observation 
Check 2.1 a2 17.2 f 10.0 e 
Agrinite (L) 3 1.6a 6.6 bed 7.6 cde 
Milorganite (L) 1.5 a 8.3 cde 4.8 abed 
Nitroform (L) 3.1 a 11.2 e 9.6 e 
Urea (L) 1.8a 5.4 be 8.3 de 
(NH4 ) 2so4 (L) 1.4 a 9.7 de 7.4 cde 
NH4 No3 (L) 0.7 a 6.1 bed 8.2 cde 
NaN03 (L) 0.9 a 6.2 bed 4.8 abed 
Agrinite (H) 1.9a 3.7 ab 5.5 bed 
Milorganite (H) 1.1 a l.la 1.1 a 
Nitroform (H) 2.6 a 8.5 cde 4.3 abed 
Urea (H) 1.8a 2.9 ab 1.5 ab 
(NH4 ) 2so4 (H) 0.9 a 3.9 ab 1.5 ab 
NH4 No3 (H) 0.8 a 4.6 abc 4.0 abc 
NaN03 (H) 0.7 a 3.3 ab 1.1 a 
lReadings taken June 7, 1963, September 13, 1963 and 
June 10, 1964, respectively. 
2Numbers followed by the same letter are not significantly 
different at the 5% confidence level by Duncan's multiple range 
test (20). 
3 (L) and (H) refer to the 5 and 10 lb. levels of N./1,000 
sq. ft./yr. respectively. 
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ammonium sulfate at the 10 lb. N. level were the only 
fertilizers which demonstrated a significant reduction in 
Sclerotinia dollarspot as compared to the 5 lb. N. level. 
Although significance was not detected for the other ferti-
lizer materials, they responded in a similar manner, the 10 
lb. N. level being superior to the 5 lb. N. level. The 3rd 
observation revealed that at the 5 lb. N. level only 
Milorganite and sodium nitrate differed significantly from 
the check. At the 10 lb. N. level all fertilizers tested re-
duced Sclerotinia dollarspot injury more than the check, 
however, only ammonium sulfate, urea and Nitroform reduced 
Sclerotinia dollarspot injury more than their corresponding 
5 lb. N. levels. 
Snowrnold injury was observed during the spring of 1962. 
Results given on a percentage of total area diseased were such 
that no conclusions could be drawn with regard to differential 
nutrient-disease responses (Table 9). 
Figures 12 through 26 present the results obtained for 
s. homoeocarpa with more clarity. 
38 
Table 9. Statistical analysis of snowmold data 
Source d. f. 
Total 119 
Block 7 
Treatments 14 
Error 98 
Sum of 
squares 
20,139.59 
5 , 470.39 
1,471.22 
13 , 197.98 
Mean 
squares 
781.48 
105.09 
134.67 
F values 
0.780 
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Figure 12. Disease response of A. palustris to Milorganite 
applied at 10 lbs. N. / 1,000 ft? / yr. 
Figure 13. Disease response of A. palustris to Milorganite 
applied at 5 lbs. N./1,000 ft? / yr. 
Figure 14. Disease response of A. palustris to Nitroform 
applied at 10 lbs. N./1,000 ft? / yr. 
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Figure 15. 
Figure 16. 
Figure 17. 
Disease response of A. palustris to Nitroform 
applied at 5 lbs. N./1,000 ft?/yr. 
Disease response of A. palustris to NaN03 applied 
at 10 lbs. N. / 1,000 ft?/yr. 
Disease response of A. palustris to NaNo3 applied 
at 5 lbs. N./1,000 ft?/yr. 
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Figure 18. 
Figure 19. 
Figure 20. 
Disease response of A. palustris to NH4No3 
applied at 10 lbs. N~/1,000 ft~/yr. 
Disease response of A. palustris to NH4N03 
applied at 5 lbs. N./1,000 ft~/yr. 
Disease response of A. palustris to (NH4) 2so4 
applied at 10 lbs. N./1,000 ft~/yr. 
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Figure 21. Disease response of A. palustris to (NH4 ) 2so4 
applied at 5 lbs. N. / 1 , 000 ft? /yr. 
Figure 22. Disease response of A. palustr i s to u rea applied 
at 10 lbs. N. / 1,000 ft? / yr. 
Figure 23. Disease response of A. palustris to urea applied 
at 5 lbs. N./1 , 000 ft? / yr. 
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Figure 24. Disease response of A. palustris to Agrinite 
applied at 10 lbs. N./1,000 ft~/yr. 
Figure 25. Disease response of A. palustris to Agrinite 
applied at 5 lbs. N./1,000 ft~/yr. 
Figure 26. Disease response of A. palustris to the check -
0 lbs. N./1,000 ft?/yr. 
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DISCUSSION AND CONCLUSIONS 
Nitrogenous fertilizers exert an influence on development 
of Sclerotinia homoeocarpa as a pathogen of Agrostis palustris. 
Results indicate that available nitrogen is a key factor. 
Only turf receiving high rates of readily available nitrogen 
demonstrated capacity to avoid Sclerotinia dollarspot disease 
to any significant degree. Color response, fresh and dry 
weights and percent dry weight showed a strong association 
with the level of applied available nitrogen. They are also 
correlated with disease proneness. Correlation coefficients 
of -0.7621, -0.6998 and +0.8428 were calculated for fresh 
we i ght, dry weight and percent dry weight versus the number 
of disease sites (Figures 27, 28 and 29). Rapid, vigorous 
growth which utilizes available carbohydrate reserves in the 
plant apparently reduces susceptability to attack by 
~· homoeocarpa. This is in accordance with the growth-
differentiation balance hypothesis proposed by Loomis (29) . 
Potassium content of foliage had a correlation 
coefficient of -0.826 to the number of disease sites per 
square foot (Figure 30). It increased in the foliage of 
plants receiving the high level of nitrogen regardless of the 
type of fertilizer used. This may be related to disease 
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Figure 27. Fresh weight of foliage vs. number of disease sites/ft~ 
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Figure 28. Dry weight of foliage vs. number of disease sites/ft~ 
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Figure 30. Percent potassium in foliage vs. number disease sites/ ft? 
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proneness of the plant since potassium functions in protein 
synthesis and carbohydrate metabolism possibly as an enzyme 
activator (31). A breakdown of protein synthesis at low 
levels of potassium results in accumulation of amino acids 
and amides in plant tissues. This may furnish the invading 
pathogen with an abundant nitrogen supply and facilitate 
its entry into the plant. Under these conditions carbohydrates 
may increase because of decreased protein formation. The 
pathogen may utilize the accumulated carbohydrate as an 
energy source. None of the other mineral elements were 
correlated with disease proneness. However, several other 
response mechanisms exist. First, sodium nitrate increased 
sodium content of the foliage 2 to 2~ times. No apparent 
decrease in the uptake of other monovalent or divalent cations 
was noted. Second, activated sewage sludge caused a significant 
increase in the foliar content of copper and zinc (Table 7). 
It is possible that the presence of these heavy metals in 
plant tissues are in large enough quantities to inhibit a 
developing fungal pathogen (12) (30) (47). 
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PART II. LABORATORY STUDY 
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MATERIALS AND METHODS 
Pure Culture Studies 
Ten turf pathogens were obtained from Dr. J. A. Browning, 
Botany Department, Iowa State University. Two, Rhizoctonia 
solani, Kuhn and Sclerotinia homoeocarpa F. T. Bennett were 
selected for this portion of the study since they are among 
the most destructive to turf. 
R. solani overwinters either as sclerotia or dormant 
mycelia in the soil. It is capable of existing in the soil as 
a saprophyte on organic matter (2). At temperatures of 
80-85°F and a saturated atmosphere it can cause a serious 
disease of turf referred to as brownpatch. The disease is 
best controlled by applications of hydrated lime which acts 
as a desiccant and mercury based fungicides (33). 
~- homoeocarpa persists as sclerotia and as dormant 
mycelia in the crowns of infected plants. Optimum condi-
tions for disease development by this organism consist of 
0 
temperatures of 70 F and a moisture saturated atmosphere. 
Control is best attained by mercury or cadmium containing 
fungicides (14) (32). 
Both pathogens exhibit radial growth on potato dextrose 
agar (Difco) when temperatures are from 20-25°C. 
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Milorganite and Agrinite were evaluated for possible 
fungitoxic effects on these two pathogens. These fertilizers 
were selected because they contain numerous mineral elements 
and organic constituents which could possibly function as 
fungitoxic agents. 
The first experiment in this series was designed to deter-
mine if individual granules of Milorganite or Agrinite 
possessed fungitoxic properties. Fifteen milliliters of 
potato dextrose agar were added to each 90 mm. petri dish, 
allowed to solidify and four granules of either Milorganite 
or Agrinite placed on the surface of the agar in a rectangular 
pattern. The dish was then inoculated with one milliliter of 
mycelial suspension of the test organisms and incubated five 
The mycelial suspension was prepared by 
mascerating a seven day culture of the test organism on 
potato dextrose agar with 200 milliliters of distilled water 
in a blender for 20 minutes and straining the mixture through 
cheesecloth. Three replicates, each petri dish representing a 
replicate, were run. Results were recorded as (+) representing 
inhibition of growth of the fungi near the granules and (-) 
representing no effect or a stimulatory effect on the fungus. 
The second experiment in this series was designed to 
measure any hot or cold water extractable fungitoxic agents 
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present in Milorganite and Agr i nite. If activated sewage 
sludge revealed any fungitoxic effects no effect should be 
evident for processed tankage based on responses in the field. 
Hot water extracts with varying concentrations of fertilizer 
were prepared by autoclaving for 20 minutes at 15 psi. 
Fifty-two, 104 1 156 1 208 and 260 grams of Milorganite I liter 
of distilled water and 44 1 88, 132, 176 and 220 grams of 
Agrinite I liter of distilled water, corresponded to 1 1 2, 3, 
4 and 5 pounds of actual nitrogen I 1 1 000 square feet respec-
tively. The filtrate was collected by vacuum filtration 
under aseptic conditions. The water insoluble residue was 
saved for further study. Filter paper discs (Schleider and 
Schnell, 740E 1 ~in.) were placed flat side down on potato 
dextrose plates and 0.1 milliliter of filtrate added to each 
disc. 
The cold water extract was prepared using the same 
concentrations as before but instead of heating, the mixture 
was agitated on a shaker for one hour and the filtrate 
collected by vacuum filtration through a Millipore 47 mm. 
filter unit to insure an aseptic solution. The remainder of 
the procedure was the same as for the hot water extract. 
Three replicates of each concentration of filtrate were 
run for each fertilizer and each test organism. A check 
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using distilled water was also included. The inoculation, 
incubation and evaluation techniques were the same as for the 
first experiment. 
The third experiment of this series was designed to 
measure the growth of the test fungi at each of the five 
levels of each fertilizer used in the second experiment. 
Fertilizers were separated into three fractions; unaltered, 
hot water extracted residue and a hot water extract. Each 
was mixed with potato dextrose agar. A check of unaltered 
potato dextrose agar was also included. A series of plates 
were run using NaCl to approximate osmotic effects of the 
soluble fraction of the fertilizers. This was done in an 
attempt to separate osmotic effects from possible fungitoxic 
effects. Milorganite was calculated to be 10% water soluble. 
5.2, 10.4, 15.6, 20.8 and 26.0 grams of NaCl I liter of 
distilled water would be equivalent to levels of Milorganite 
used before. Agrinite was calculated to be 22% water soluble. 
9.6, 19.4, 29.0, 38.7 and 48.4 grams of NaCl I liter of 
distilled water would be equivalent to levels of Agrinite used 
before. Six replicates of each treatment were run. Petri 
dishes were inoculated at a central point with a circular plug 
of mycelium cut with a 0.4 em. cork borer from a seven day 
culture of the test organisms. The growth responses of the 
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fungi were determined by daily measurement of the diameter of 
the developing colonies in millimeters. Incubation temperature 
was held at 20°C. 
The final experiment of this series was designed to 
determine if plant tissue grown under different levels and 
types of nitrogenous fertilizers exhibited any effect on the 
growth of the test organisms in pure culture. Plant tissue 
was harvested on June 29 , 1964, from each plot of the 
experimental putting green described in Part I, and mixed 
with potato dextrose agar at the rate of thirteen grams of 
fresh tissue / liter of media. This amount of tissue was 
selected on the basis of fresh weight yields per ern~ in the 
field. Petri dishes were poured and inoculated as discussed 
in experiment three. Linear growth was measured after three 
days of incubation at 20°C. Three replications were used. 
Soil Studies 
Soil samples were taken from the experimental putting 
green and analyzed for microbial activity , changes in 
fertility and pH and differential fungistasis. 
Microbial activity was determined by measuring C02 
evolution by the soils using a procedure described in 
Russell's Laboratory Manual for Soil Fertility Students 
( 38) • 
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Changes in fertility and pH were determined. 1 
Differential fungistasis was determined by using water 
saturated soil plaques covered with a dialyzed cellophane 
membrane on which the two turf pathogens were inoculated (22). 
It was assumed that any diffusable fungitoxic material would 
penetrate the membrane and inhibit linear growth of the test 
fungi (11). Two series of soil plaques were prepared, one 
where the soil was autoclaved and one in which the soil was 
not autoclaved. The purpose of this was to determine if a 
fungistatic effect exists in the soil and whether or not it 
was heat stable or dependent upon biological activity. 
1soil analysis was conducted by the Iowa State University 
of Science & Technology Soil Testing Laboratory, Ames, Iowa. 
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RESULTS 
Pure Culture Studies 
Individual granules of Milorganite and Agrinite showed 
no ability to inhibit the growth of either ~- homoeocarpa and 
R. solani (Table 10). In most instances it was actually 
noted that the test organisms produced more abundant mycelial 
growth on or adjacent to the granules. Microscopic examination 
of the granules revealed ramification of hyphae within the 
granule. 
Table 10. Response of fungus organisms to Milorganite and 
Agrinite granules 
Fertilizer Organism 
Replication 
II 
_b + 
III 
+ 
Average 
effect 
+ 
Milorganite R. solani 0 4 0 4 0 4 0 4 
s. homoeocarpa 0 4 0 4 0 4 0 4 
Agrinite R. solani 0 4 0 4 0 4 0 4 
s. homoeocarpa 0 4 0 4 0 4 0 4 
a+ indicates inhibition of growth near granules. 
b_ indicates either no effect or a stimulatory effect. 
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Hot and cold water extracts of the two fertilizer 
materials placed on filter paper discs demonstrated no ability 
to inhibit mycelial growth (Table 11). Microscopic examina-
tion of actively growing hyphae near the discs revealed no 
distortion or other abnormalities. 
Table 11. Response of organisms to hot and cold water extracts 
of Milorganite and Agrinite 
Milorganite (gm./1.) 
52 104 156 208 260 
Organism Hot Cold Hot Cold Hot Cold Hot Cold Hot Cold 
R. solani Oa 0 0 0 0 0 0 0 0 0 
~- homoeocarpa 0 0 0 0 0 0 0 0 0 0 
Agrinite (gm./1.) 
44 88 132 176 220 
R. solani 0 0 0 0 0 0 0 0 0 0 
~- homoeocarpa 0 0 0 0 0 0 0 0 0 0 
aniameter of zone of inhibition surrounding filter paper 
discs. 
Unaltered Milorganite and Agrinite added to PDA culture 
media reduced growth of £. homoeocarpa and R. solani as the 
level increased (Tables 12 and 13). Results indicate that 
growth reduction is due largely to a soluble salt or osmotic 
effect. However, if growth reduction was due solely to soluble 
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Table 12. Influence of culture media containing various levels 
of Milorganite and NaCl on growth of ~- homoeocarpa 
and R. solani 
Diameter of colony in mm. 
Unaltered Extracted Extracted NaCl 
Milorganite solid solid liquid equivalent 
~- homoeocarpa 
52 g./1. 34.3a 42.0 51.3 38.8 
104 g./1. 31.3 38.8 46.5 38.3 
156 g./1. 33.3 33.8 41.3 35.5 
208 g./1. 33.3 31.7 32.2 32.5 
260 g./1. 32.7 31.0 31.3 28.7 
Check 50.0 50.0 50.0 50.0 
R. solani 
52 g./1. 21. 3a 13.5 15.0 32.8 
104 g./1. 19.3 10.8 11.0 26.8 
156 g./1. 15.8 10.5 11.0 20.3 
208 g./1. 15.3 10.3 10.3 17.2 
260 g./1. 15.2 10.0 8.8 14.7 
Check 26.7 26.7 26.7 26.7 
aNumbers represent an average of six replications measured 
after 2 days growth. 
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Table 13. Influence of culture media containing various levels 
of Agrinite and NaCl on growth of ~- homoeocarpa and 
R. solani 
Diameter of colony in mm. 
Unaltered Extracted Extracted NaCl 
Agrinite solid solid liquid equivalent 
s. homoeocarpa 
44 g./1. 41.2a 51.1 44 .7 38.5 
88 g./1. 39.2 47.8 34.2 32.1 
132 g./1. 37.3 46.0 28.0 27.0 
176 g./1. 18.7 44.2 17.3 20.2 
220 g./1. 14.5 43.0 13 . 5 12.3 
Check 50.0 50.0 50.0 50.0 
R. solani 
44 g./1. 9.7a 15.1 9.5 27.1 
88 g./1. 7.0 13.1 7.5 17.7 
132 g./1. 7.0 13.0 6.0 10.0 
176 g./1. 7.0 12.5 7.3 5.2 
220 g./1. 6.3 10.1 7.7 5.0 
Check 26.7 26.7 26.7 26.7 
a Numbers represent an average of six replications measured 
after 2 days growth. 
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salt the extracted Milorganite and Agrinite should show no 
growth reduction and the extracted liquids should have given 
results analogous to the unaltered materials. At 208 and 260 
grn./1. levels the effect appears to coincide most clearly with 
a soluble salt effect. It is hypothesized that autoclaving 
Milorganite and Agrinite decreased pH and contributed to the 
observed growth reduction. pH measurements made of the culture 
media substantiated this (Table 14). Visual growth responses 
are depicted in Figures 31 to 36 (52 grn./1. in upper left corner 
to 260 gm./1. in lower right corner). Presence of an active 
fungitoxic agent in Milorganite and Agrinite was not shown. 
Fresh plant tissue harvested from plots receiving the 
various types of fertilizers showed no significant effect on 
growth of ~- homoeocarpa and R. solani (Table 15). 
Carbon dioxide evolution from soils receiving various 
fertilizer treatments showed significant differences (Table 16). 
However, no relationship existed between level and type of 
fertilizer and microbial activity in the soil which could 
explain observed disease reduction in the field. It had been 
anticipated that if fertilizers differed in their ability to 
stimulate soil microbial activity as measured by an increase in 
co2 production then they might differ in disease response due 
to stimulation of soil organisms antagonistic to turf pathogens. 
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Table 14. Influence of Milorganite and Agrinite on the pH of 
the culture media 
Fertilizer 
Milorganite 
52 g./1. 
104 g./1. 
156 g./1. 
208 g./1. 
260 g./1. 
Agrinite 
44 g./1. 
88 g./1. 
132 g./1. 
176 g./1. 
220 g./1. 
pH 
Unaltered Extracted 
solid solid 
5.0 4.8 
4.9 4.5 
4.8 4.2 
4.7 4.2 
4.7 4.1 
4.5 4.5 
4.3 4.4 
4.0 4.2 
3.9 4.0 
3.9 4.0 
Extracted 
liquid 
4.6 
4.5 
4.4 
4.4 
4.4 
4.4 
4.2 
4.1 
3.8 
3.9 
PDA 
5.6 
5.6 
5.6 
5.6 
5.6 
5.6 
5.6 
5.6 
5.6 
5.6 
72 
Figure 31. Growth response of S. homoeocarpa to unaltered 
Milorganite 
Figure 32. Growth response of S. homoeocarpa to extracted 
Milorganite 
Figure 33. Growth response of S. hornoeocarpa to Milorganite 
extract 
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Figure 34. Growth response of R. solani to unaltered 
Milorganite 
Figure 35. Growth response of R. solani to extracted 
Milorganite 
Figure 36. Growth response of R. solani to Milorganite 
extract 
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Table 15. Influence of plant tissue on growth of S. homoeocarpa 
and R. solani 
Fertilizer Diameter in rnrn. 
treatment s. homoeocarpa R. solani 
Milorganite ~ gob 31.2 
Milorganite L 90 30.8 
Nitroform H 90 29.2 
Nitroform L 90 28.8 
NaN03 H 90 29.6 
NaN03 L 90 2 9. 7 
NH4 No3 H 90 31.0 
NH4No3 L 90 30.5 
(NH4) 2 so4 H 90 29.7 
(NH4 )2so4 L 90 29.6 
Urea H 90 29.8 
Urea L 90 29.8 
Agrinite H 90 31.1 
Agrinite L 90 28.3 
Check 90 30.1 
aH and L refer to 10 and 5 lbs. of N./1,000 sq. ft./yr. 
bNurnbers represent the average of 8 replicates. 
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Table 16. Mg. of co2 evolved in 3 days 
Fertilizer 
treatment 
Agrinite L2 
Nitroform H 
Nitroform L 
Urea L 
Check 
Urea H 
Milorganite L 
Agrinite H 
Milorganite H 
1 Numbers are averages of three replicates. 
Mg. of co21 
13.2 e3 
14.7 de 
15.0 cde 
15.1 cde 
15.5 cde 
15.7 cde 
15.8 cde 
15.9 cde 
16.4 cde 
16.8 bed 
17.3 abed 
17.7 abed 
18.0 abc 
19.6 ab 
19.9 a 
2H and L refer to 10 and 5 lbs. of N./1,000 sq. ft./yr. 
3Numbers followed by the same letter are not significantly 
different at the 5% confidence level by Duncan's multiple range 
test (20). 
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Soil tests revealed no significant difference between 
nitrates and pH (Table 17). 
Significant differences existed in phosphorus and potassium 
levels but nothing that could be correlated to disease reduc-
tion in the field (Table 18). 
Growth of R. solani on cellophane covered soil plaques 
was not altered by fertilizer treatments (Table 19). The 
autoclaved soil produced more abundant growth than did the 
non-autoclaved soil. This effect was expected since autoclaving 
removes competing microorganisms and releases nutrients fixed 
by soil colloids. ~- homoeocarpa responded in a manner similar 
to R. solani but apparently could not compete effectively as a 
soil saprophyte (Table 20). 
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Table 17. Influence of fertilizers on initial nitrate, final 
nitrate and pH 
Fertilizer Initial No3a Final N03 
treatment (ppm) (ppm) pH 
Milorganite ~ 12.0 107.5 7.1 
Milorganite L 12.5 100.5 7.3 
Nitroform H 18.0 85.6 7.2 
Nitroform L 14.5 89.0 7.5 
NaN03 H 16.5 88.5 7.7 
NaN03 L 13.0 67.0 7.7 
NH
4
No3 H 13.0 65.5 7.2 
NH4 No3 L 13.5 90.0 7.4 
(NH4 ) 2804 H ll. 5 68.5 7.0 
(NH4 ) 2804 L 12.0 99.0 7.3 
Urea H 13.5 84.0 7.3 
Urea L 12.0 103.5 7.5 
Agrinite H 11.0 104.5 7.4 
Agrinite L 12.5 82.5 7.4 
Check 10.0 100.5 7.4 
a Numbers are averages of two replicates. 
bH and L refer to 10 and 5 lbs. of N./1,000 sq. ft./yr. 
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Table 18. Influence of fertilizers on phosphorus and potassium 
Fertilizer Phosphorusl Potassium 
treatment (ppm) (ppm) 
Milorganite H2 191 g3 228 cdef 
Milorganite L 278 e 292 b 
Nitroform H 256 f 289 be 
Nitroform L 334 d 358 a 
NaN0
3 
H 370 abc 363 a 
NaN03 L 180 g 347 a 
NH4 No3 H 344 cd 281 be de 
NH4 No3 L 167 g 238 bcdef 
(NH4 ) 2so4 H 181 g 222 f 
(NH4 ) 2so4 L 186 g 234 bcdef 
Urea H 370 abc 265 bcdef 
Urea L 378 a 294 b 
Agrinite H 183 g 260 bcdef 
Agrinite L 332 d 283 bed 
Check 376 ab 360 a 
1Numbers are averages of two replicates. 
2H and L refer to 10 and 5 lbs. of N./1 , 000 sq. ft./yr. 
3Numbers followed by the same letter are not significantly 
different at the 5% confidence level by Duncan 1 s multiple range 
test (20) • 
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Table 19. Growth of Rhizoctonia solani in mm. on soil plaques 
Soil 
treatment Autoclaved Non-autoclaved 
Milorganite w- 46.7b 15.2 
Milorganite L 48.0 14.2 
Nitroform H 45.0 14.2 
Nitroform L 45.2 15.2 
NaN0
3 
H 44.5 17.0 
NaN0
3 
L 45.5 14.5 
NH4N03 H 45.5 15.0 
NH4N03 L 42.5 15.0 
(NH4 )2S04 H 45.5 15.0 
(NH4) 2so4 L 39.2 14.0 
Urea H 40.2 17.0 
Urea L 43.5 15.2 
Agrinite H 51.2 15.0 
Agrinite L 42.0 13.0 
Check 49.5 13.5 
aH and L refer to 10 and 5 lbs. of N./1,000 sq. ft./yr. 
bNumbers are averages of eight replicates. 
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Table 20. Growth of Sclerotinia homoeocarpa in mm. on soil 
plaques 
Soil 
treatment Autoclaved Non-autoclaved 
Milorganite Ha 52.0b 6.0 
Milorganite L 41.0 6.2 
Nitroform H 34.5 6.2 
Nitroform L 52.5 5.8 
NaN03 H 44.5 5.2 
NaN03 L 50.0 5.0 
NH4No3 H 43.5 6.0 
NH4 No3 L 42.7 5.2 
(NH4 ) 2so4 H 50.5 6.2 
(NH4 ) 2so4 L 47.0 5.2 
Urea H 47.5 6.2 
Urea L 48.5 6.2 
Agrinite H 49.5 6.2 
Agrinite L 39.5 5.0 
Check 39.0 6.0 
aH and L refer to 10 and 5 lbs. of N./1 1 000 sq. ft./yr. 
bNumbers are averages of eight replicates. 
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DISCUSSIONS AND CONCLUSIONS 
No fungitoxic agents were found in Milorganite or Agrinite 
extracts. Although growth of the two test organisms was 
reduced by increasing levels of the fertilizers it was con-
cluded that soluble salts, pH changes in the media and/or 
alterations during autoclaving of fertilizers were responsible 
for the measured growth reduction. The fact that the material 
is rapidly broken down by microbial activity in the soil 
indicates that it has little effect on microbes (7). 
None of the fertilizers were capable of stimulating 
production of plant tissue which inhibited growth of the test 
organisms. It was hypothesized that uptake of mineral elements, 
such as Na, Cu and Zn by the plant, might result in fungitoxic 
accumulations. Consideration was also given to the theory that 
organic fertilizers as they break down may liberate or form an 
organic fungitoxin. No evidence was produced to support either 
hypothesis. 
No correlation between disease reduction and microbial 
activity, soil pH or fertility was noted. 
Fertilizers did not alter soil fungistasis and therefore 
would not likely contribute to suppressing pathogens in soil. 
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SUMMARY 
Fertilizers can alter the incidence of ~- homoeocarpa 
on A. palustris. High levels of available nitrogen which 
increase plant growth are apparently important in reducing 
dollarspot injury. Potassium levels may also be involved 
but nothing conclusive was found. Those fertilizers which 
contained readily available nitrogen or those which were 
easily degraded reduced dollarspot most. 
Increased sodium content in plants receiving NaNo3 had 
no measurable effect on disease resistance. The same was also 
true of activated sewage sludge which increased Cu and Zn 
uptake. 
Activated sewage sludge does not appear to possess any 
measurable fungitoxic agents which would be significant in 
disease reduction in the field. 
Soil microbiological activity, fertility, fungistasis and 
pH were not altered in a significant manner by fertilizer 
application. 
1. 
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APPENDIX: RAW DATA 
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Table 21. Percent mineral content of Milorganite, Agrinite 
and Chilean nitrate 
Element 
N 
p 
K 
s 
Ca 
Mg 
Fe 
Cu 
Mn 
Zn 
Cr 
Co 
Mo 
Others 
Activated 
sewage sludge 
6.000 
0.509 
0.337 
1.100 
1.100 
0.700 
2.320 
0.039 
0.233 
0.012 
0.069 
+ 
+ 
+ 
Processed 
tankage 
7.000 
0.041 
0.083 
0.720 
1.000 
1.500 
2.600 
0.020 
0.002 
0.682 
0.500 
0.006 
0.001 
+ 
a+ indicates the presence of elements. 
Sodium 
nitrate 
16.000 
0.535 
0.040 
0.010 
0.150 
+a 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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Table 22. Color response of Agrostis palustris for the 1961 
growing season 
Date 
Treatment 6/20 7/5 8/7 9/14 9/25 10/2 
Milorganite ff- 2.38b 3.63 3.75 3.75 3.75 3.88 
Milorganite L 2.00 2.88 2.75 3.00 3.00 2.63 
Nitroform H l. 50 2.88 3.00 2.63 2.63 2.88 
Nitroform L 1.50 2.00 2.50 2.25 2.25 2.00 
NaN03 H 4.00 4.00 3.25 3.75 3.75 4.00 
NaN0 3 L 4.00 2.50 3.00 2.63 2.75 2.63 
(NH4 ) 2so4 H 3.38 4.00 3.25 4.00 4.00 4.00 
(NH4 ) 2so4 L 3.75 2.50 2.88 2.75 2.75 2.88 
NH4 No3 H 3.88 4.00 2.88 3.50 3.75 4.00 
NH4 No3 L 3.88 2.75 2.88 2.00 2.00 2.38 
Urea H 4.00 3.88 3.25 3.88 3.88 4.00 
Urea L 4.00 2.38 2.63 2.88 2.88 2.63 
Agrinite H 2.00 3.50 3.50 3.38 3.38 3.63 
Agrinite L l. 75 2.13 2.75 2.75 2.75 2.38 
Check l. 00 1.00 l. 00 1.00 1.00 1.00 
a 
to 10 and 5 lbs. N./1,000 ft./yr. H and L refer sq. 
respective~y. 
b Numbers represent the average of eight replicates. 
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Table 23. Color response of Agrostis palustris for the 1962 
growing season 
Date 
Treatment 8/ 9 8/ 18 8 / 22 9/ 8 10/ 4 
Milorganite w- l.25b l. 50 l. 38 l. 38 l. 50 
Milorganite L 1.13 l. 25 l. 75 l. 75 2.50 
Nitroform H 2.13 l. 88 l. 88 2.00 2.75 
Nitroform L 2.25 2.25 2.38 2.38 3.25 
NaN03 H l. 75 2.00 2.63 2.63 1.63 
NaN03 L l. 75 2.00 2.13 2.13 2.38 
(NH4 ) 2 so4 H l. 63 l. 63 1.88 2.00 1.25 
(NH4 ) 2 so4 L l. 63 l. 75 2.13 2.13 2.38 
NH4 No3 H l. 88 2.00 2.38 2.38 l. 38 
NH4 N03 L l. 63 2.00 2.25 2.25 2.13 
Urea H l. 50 l. 88 2.25 2.25 l. 88 
Urea L l. 88 2.13 2.38 2.38 2.38 
Agrinite H l. 63 l. 75 2.13 2.25 2.88 
Agrinite L l. 75 l. 88 2.25 2.25 2.75 
Check 3.50 3.38 3.38 3.38 3.38 
aH and L refer to 10 and 5 lbs. N. / 1,000 sg. ft. / yr. 
respectively. 
bNumbers represent the average of eight replicates. 
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Table 24. Color response of Agrostis palustris for the 1963 
and 1964 growing seasons 
Date 
Treatment 5/10/63 6/10/63 5/5/64 
Milorganite Ha l.5b 1.1 
Milorganite L 2.2 1.9 
Nitroform H 2.5 1.9 
Nitroform L 3.0 3.1 
NaN03 H 2.1 1.0 
NaN03 L 2.7 2.5 
(NH4 )2so4 H 2.0 1.0 
(NH4 )2so4 L 3.0 2.3 
NH4 No3 H 2.0 1.0 
NH4 No3 L 2.0 2.4 
Urea H 2.1 1.1 
Urea L 2.6 2.6 
Agrinite H 2.2 2.1 
Agrinite L 3.0 2.9 
Check 3.6 3.8 
aH and L refer to 10 and 5 lbs. N./1,000 sq. ft./yr. 
respectively. 
bNumbers represent the average of eight replicates. 
2.1 
2.6 
2.0 
2.6 
1.0 
2.6 
1.6 
3.0 
1.1 
2.8 
1.1 
2.8 
2.1 
3.0 
3.9 
